
(12) STANDARD PATENT (11) Application No. AU 2013245998 B2 
(19) AUSTRALIAN PATENT OFFICE 

(54) Title 
Efficient health management, diagnosis and prognosis of a machine 

(51) International Patent Classification(s) 
G07C 5/08 (2006.01) G01M 17/00 (2006.01) 
B60R 16/02 (2006.01) G07C 5/00 (2006.01) 
G01M 5/00 (2006.01) 

(21) Application No: 2013245998 (22) Date of Filing: 2013.04.10 

(87) WIPO No: WO13/155161 

(30) Priority Data 

(31) Number (32) Date (33) Country 
61/622,141 2012.04.10 US 

(43) Publication Date: 2013.10.17 
(44) Accepted Journal Date: 2016.07.28 

(71) Applicant(s) 
Lockheed Martin Corporation 

(72) Inventor(s) 
Das, Sreerupa;Patel, Amar;McNamara, Steven;Todd, Jonathan 

(74) Agent / Attorney 
Spruson & Ferguson, L 35 St Martins Tower 31 Market St, Sydney, NSW, 2000 

(56) Related Art 
US 2011/0071725



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 

(19) World Intellectual Property 
Organization 

International Bureau 
(10) International Publication Number 

(43) International Publication Date W O 2013/155161 A1 
17 October 2013 (17.10.2013) W I P0 I P CT 

(51) International Patent Classification: (74) Agent: JENSEN, Eric P.; Withrow & Terranova, 
G07C5/08 (2006.01) B60R 16/02 (2006.01) P.L.L.C., 100 Regency Forest Drive, Suite 160, Cary, 
G01M 17/00 (2006.01) G01M 5/00 (2006.01) North Carolina 27518 (US).  
G07C 5/00 (2006.01 ) 

(81) Designated States (unless otherwise indicated, for every 
(21) International Application Number: kind of national protection available): AE, AG, AL, AM, 

PCT/US2013/035935 AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, 
) .a BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, 

(22) International Filng Date: DO, DZ, EC, EE, EG, ES, Fl, GB, GD, GE, GH, GM, GT, 
10 April 2013 (10.04.2013) HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, 

(25) Filing Language: English KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, 
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, 

(26) Publication Language: English NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, 

(30) Priority Data: RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, 

61/622,141 10 April 2012 (10.04.2012) US TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, 
ZM, ZW.  

(71) Applicant: LOCKHEED MARTIN CORPORATION 
[US/US]; 6801 Rockledge Drive, Bethesda, Maryland (84) Designated States (unless otherwise indicated, for every 

20817 (US). kind of regional protection available): ARIPO (BW, GH, 
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ, 

(72) Inventors: DAS, Sreerupa; 2275 Foliage Oak Terrace, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ, 
Oviedo, Florida 32766 (US). PATEL, Amar; 3708 Avalon TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK, 
Park East Blvd., Orlando, Florida 32828 (US). MC- EE, ES, Fl, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, 
NAMARA, Steven; 8379 Riverdale Lane, Davenport, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM, 
Florida 33896 (US). TODD, Jonathan; 4999 Bridge Road, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, 
Cocoa, Florida 32927 (US). ML, MR, NE, SN, TD, TG).  

Published: 

- with international search report (Art. 21(3)) 

[Continued on next page] 

(54) Title: EFFICIENT HEALTH MANAGEMENT, DIAGNOSIS AND PROGNOSIS OF A MACHINE 

(57) Abstract: Mechanisms for generating an analysis result 
about a machine (14) are provided. A device generates a first 

10- 12\ health management (HM) analysis result regarding a machine 
HEALTH MGMT DEVICE based on real-time first sensor information received during a 

CONTROL SYSTEM 20 first period of time and on a first version HM analytic model.  
2 22 The device provides, to an off-board device, a plurality of 
DISPLAY MACHINE PROCESSOR sensor information comprising the real-time first sensor in

| COMPONENT MEMORY 24 formation and that is generated during the first period of 
18-1 s s 16-1 ______ _ 26 time. The device receives a second version HM analytic mod

8-2 HM MODULE el that is based at least in part on the plurality of sensor in
COMPONENT HM ENGINE formation and fault information that identifies actual faults 

18-3 16-N HM ANALYTIC MODEL 
30  that have occurred on the machine (14). The device generates 

S s 8-_ ____________ a second HM analysis result regarding the machine (14) 
COMMUNICATIONS 34 based on real-time second sensor information received during 

_HEALTH MGMT INTERFACE a second period of time and on the second version HM ana
DEVICE SENSOR FUSION / DATA 36 lytic model.  

12 CHARACTERIZATION MODULE 

RECORDER MODULE 3 

STORAGE K40 

SENSOR INTERFACE 2 

FIG.1



W O 2 0 13 /15 5 16 1 A 1l II |IIll|||IIllllllII |||||I |||||||I||||||||||I|||||||||I|I|||I||||||||||||||||I| 

- before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments (Rule 48.2(h))



WO 2013/155161 PCT/US2013/035935 

1 

EFFICIENT HEALTH MANAGEMENT, DIAGNOSIS 
AND PROGNOSIS OF A MACHINE 

RELATED APPLICATIONS 

5 [0001] This application claims the benefit of provisional patent application 

serial number 61/622,141, filed April 10, 2012, the disclosure of which is hereby 

incorporated herein by reference in its entirety.  

TECHNICAL FIELD 

10 [0002] The embodiments relate generally to the real-time health management 

analysis of a machine that includes a plurality of components, and in particular to 

a real-time health management device (HMD) that receives updated analytic 

models over periods of time based on sensor information associated with the 

machine, to improve the accuracy of analysis results generated by the HMD.  

15 

BACKGROUND 

[0003] Maintaining machinery can be expensive and logistically challenging.  

Often, complex machines with many different interrelated components, such as 

vehicles, are maintained based on a maintenance schedule that is time-based, or 

20 are reactively maintained in response to actual failures of the machines.  

Because time-based maintenance typically does not take into consideration the 

conditions under which the machine is operating, maintenance may be 

performed prior to or subsequent to an actual need for maintenance. In the 

context of a relatively large fleet of machines, replacing parts that do not need 

25 replacement can be expensive and unnecessarily removes the machine from 

operation during the unnecessary maintenance. Collectively, such time-based 

maintenance can make it difficult or impossible to optimize mission availability of 

a fleet of machines.  

[0004] There is increased interest in health management systems, such as 

30 condition-based maintenance (CBM) systems and prognostics and health 

management (PHM) systems that attempt to more closely align maintenance of a 

machine with an actual need for maintenance. In such systems, sensor
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information may be collected from strategically placed sensors located on the 

machine, and periodically offloaded to a remote device, such as a server, which can 

then perform data mining and other analysis to generate diagnostic and prognostic 

reports on the machine based on the sensor information.  

[0005] Periodic analysis of data for purposes of diagnostics and prognostics, 

while an improvement over time-based maintenance, may not diagnose in a timely 

manner a problem that has only just arisen. The intervals between periods of 

analysis may result in maintenance issues being undiagnosed in a timely manner.  

Where timely diagnostics and prognostics of the complex machine can be the 

difference between a safe and an unsafe operation, such as machines used in the 

military, or machines such as airplanes and helicopters, periodic analysis of data 

may be insufficient.  

[0006] Accordingly, there is a need for real-time health management 

mechanisms that can generate diagnostic and prognostic results based on real-time 

sensor information, and that can, over time, improve the diagnostic and prognostic 

results based on historic knowledge of the respective machine.  

SUMMARY 

[0006a] It is an object of the present disclosure to substantially overcome or at 

least ameliorate one or more disadvantages of the prior art.  

[0007] Aspects of the present disclosure relate to a health management device 

(HMD) that generates real-time diagnostic and/or prognostic analysis results on a 

condition of a machine based on real-time sensor information and an analytics 

model. In one aspect, the HMD generates a first health management (HM) analysis 

result regarding the machine based on real-time first sensor information received 

during a first period of time and on a first version HM analytic model. The HMD 

provides, to an off-board device, a plurality of sensor information generated during 

the first period of time that includes the real-time first sensor information. The HMD 

device receives a second version HM analytic model that is based at least in part on 

the plurality of sensor information. The HMD device generates a second HM 

analysis result regarding a second condition of the machine based on real-time 

second sensor information received during a second period of time and on the 

second version HM analytic model.  

(115087911)
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[0008] In some aspects, the HM analytic model comprises a diagnostic analytic 

model, such as, for example, a condition-based maintenance (CBM) analytic model.  

The first HM analysis result comprises a first diagnostic analysis result, the first 

version HM analytic model comprises a first version diagnostic analytic model, the 

second version HM analytic model comprises a second version diagnostic analytic 

model, and the second HM analysis result comprises a second diagnostic analysis 

result. The HMD may generate many diagnostic analysis results over the first period 

of time based on the first version diagnostic analytic model. The first period of time 

may comprise a day, a week, or any other desirable interval of time.  

[0009] In some aspects, the HM analytic model comprises a prognostic analytic 

model, such as, for example, a prognostics and health management (PHM) analytic 

model. The first HM analysis result comprises a first prognostic analysis result, the 

first version HM analytic model comprises a first version prognostic analytic model, 

the second version HM analytic model comprises a second version prognostic 

analytic model, and the second HM analysis result comprises a second prognostic 

analysis result. The HMD may generate many prognostic analysis results over the 

first period of time based on the first version prognostic analytic model.  

[0010] In some aspects, the HMD comprises both a diagnostic analytic model and 

a prognostic analytic model, and provides both diagnostic analysis results and 

prognostic analysis results over the first period of time.  

[0011] In some aspects, the first version diagnostic analytic model is replaced 

with the second version diagnostic analytic model, and the first version prognostic 

analytic model is replaced with the second version prognostic analytic model.  

[0012] In one aspect, the first diagnostic analysis result is generated by a 

diagnostic engine that executes on the HMD, and the first prognostic analysis result 

is generated by a prognostic engine that executes on the HMD. The first version 

diagnostic analytic model is replaced with the second version diagnostic analytic 

model without interruption to the prognostic engine.  

(115087911)
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[0013] Similarly, in one aspect, the first version prognostic analytic model is 

replaced with the second version prognostic analytic model without interruption to 

the diagnostic engine. In some aspects, the first version diagnostic analytic model 

may be replaced with the second version diagnostic analytic model without 

interruption to the diagnostic engine.  

[0014] In one aspect, the prognostic analytic model comprises a Gaussian 

mixture model (GMM). Based on the GMM, the HMD may generate a prognostic 

analysis result that comprises data predicting a future fault of a component of the 

machine, and a probability of the future fault.  

[0015] In another aspect, an off-board device is provided that includes a 

communications interface that is configured to communicate with a HMD associated 

with a machine. The off-board device receives, from the HMD, a plurality of sensor 

information that identifies real-time characteristics associated with a plurality of 

components of the machine over a first period of time. The off-board device 

updates, based on the plurality of sensor information, a first version HM analytic 

model that correlates sensor information with conditions of the machine, to generate 

a second version HM analytic model, and provides the second version HM analytic 

model to the HMD for use during a second period of time.  

[0016] In one aspect, the off-board device also receives fault information that 

identifies actual faults that have occurred on the machine, correlates the faults to the 

plurality of sensor information, and updates the first version HM analytic model 

based on both the plurality of sensor information and the fault information to 

generate the second version HM analytic model.  

[001 6a] In another aspect, there is provided a method for generating an analysis 

result about a machine, comprising: generating, by a device, a first health 

management (HM) analysis result regarding the machine based on real-time first 

sensor information received during a first period of time and on a first version HM 

analytic model that correlates the real-time first sensor information with a condition of 

a component of the machine; providing, to an off-board device, a plurality of sensor 

information comprising the real-time first sensor information and that is generated 

during the first period of time; receiving, by the device, a second version HM 

analytic model that is based at least in part on the plurality of sensor information 

(115087911)
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and on fault information that identifies actual faults of the machine; replacing the 

first version HM analytic model with the second version HM analytic model; and 

generating a second HM analysis result regarding the machine based on real-time 

second sensor information received during a second period of time and on the 

second version HM analytic model, the second version HM analytic model 

correlating the real-time second sensor information with a condition of a component 

of the machine.  

[001 6b] In another aspect, there is provided a device for generating an analysis 

result about a machine, comprising: a communications interface configured to 

communicate with an off-board device; a control system comprising a processor 

coupled to the communications interface and configured to: generate a first health 

management (HM) analysis result regarding the machine based on real-time first 

sensor information received during a first period of time and on a first version HM 

analytic model that correlates the real-time first sensor information with a condition of 

a component of the machine; provide, to the off-board device, a plurality of sensor 

information comprising the real-time first sensor information and being generated 

during the first period of time; receive a second version HM analytic model that is 

based at least in part on the plurality of sensor information; replace the first version 

HM analytic model with the second version HM analytic model; and generate a 

second HM analysis result regarding the machine based on real-time second sensor 

information received during a second period of time and on the second version HM 

analytic model, the second version HM analytic model correlating the real-time 

second sensor information with a condition of a component of the machine.  

[001 6c] In another aspect, there is provided a device comprising: a 

communications interface configured to communicate with a health management 

(HM) device associated with a machine; and a control system comprising a 

processor and coupled to the communications interface and configured to: provide a 

first version HM analytic model to the HM device for use during a first period of time; 

receive, from the HM device, a plurality of sensor information that identifies real-time 

characteristics associated with a plurality of components of the machine over first 

period of time; update, based on the plurality of sensor information and fault 

information that identifies actual faults that have occurred on the machine, the first 

(115087911)
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version HM analytic model that correlates sensor information with conditions of the 

machine, to generate a second version HM analytic model; and provide the second 

version HM analytic model to the HM device for use during a second period of time.  

[001 6d] In another aspect, there is provided a method comprising: providing a first 

version health management (HM) analytic model to a HM device for use during a first 

period of time; receiving, from the HM device, a plurality of sensor information that 

identifies real-time characteristics associated with a plurality of components of a 

machine over the first period of time; updating, based on the plurality of sensor 

information and fault information that identifies actual faults that have occurred on 

the machine, the first version HM analytic model that correlates sensor information 

with conditions of the machine, to generate a second version HM analytic model; and 

providing the second version HM analytic model to the HM device for use during a 

second period of time.  

[0017] Those skilled in the art will appreciate the scope of the present disclosure 

and realize additional aspects thereof after reading the following detailed description 

of the preferred aspects in association with the accompanying drawing figures.  

(115087911)
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The accompanying drawing figures incorporated in and forming a part 

of this specification illustrate several aspects of the disclosure, and together with 

the description serve to explain the principles of the disclosure.  

5 [0019] Figure 1 is a block diagram of a system in which embodiments may be 

practiced according to one embodiment; 

[0020] Figure 2 is a flowchart of a method for generating an analysis result 

about a machine according to one embodiment; 

[0021] Figure 3 is a block diagram of a system in which additional 

10 embodiments may be practiced according to one embodiment; 

[0022] Figure 4 is a block diagram illustrating example data flow in a health 

management device (HMD) according to one embodiment; 

[0023] Figure 5 is a block diagram of an off-board device according to one 

embodiment; 

15 [0024] Figure 6 is a flowchart of a method for generating a second version 

health management analytic model according to one embodiment; 

[0025] Figure 7 is a block diagram illustrating the updating of an analytic 

model in the HMD according to one embodiment; and 

[0026] Figure 8 is a graph illustrating an example Gaussian mixture model 

20 (GMM) that represents the probability distribution of engine oil pressure and 

engine speed for a period of time in a vehicle's life according to one embodiment.  

DETAILED DESCRIPTION 

[0027] The embodiments set forth below represent the necessary information 

25 to enable those skilled in the art to practice the embodiments and illustrate the 

best mode of practicing the embodiments. Upon reading the following 

description in light of the accompanying drawing figures, those skilled in the art 

will understand the concepts of the disclosure and will recognize applications of 

these concepts not particularly addressed herein. It should be understood that 

30 these concepts and applications fall within the scope of the disclosure and the 

accompanying claims.
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[0028] The embodiments relate to a health management device (HMD) that 

generates real-time health management (HM) analysis results regarding 

conditions of a machine based on real-time sensor information and an analytic 

model. The analytic model is updated by an off-board device based on sensor 

5 information recorded by the HMD, and then reloaded onto the HMD. Among 

other features, the analytic model may be updated without requiring an upgrade 

of an analytics engine that utilizes the analytic model to generate the analysis 

results, facilitating efficient and quick improvements of HM analysis results over 

the life of the machine with no disruption to the operation of the machine.  

10 [0029] Generally, the use herein of ordinals, such as "first" or "second" in 

conjunction with an element is solely for distinguishing what might otherwise be 

similar or identical labels, and does not by itself imply a priority, a type, an 

importance, or other attribute, unless otherwise stated herein.  

[0030] Figure 1 is a block diagram of a system 10 in which embodiments may 

15 be practiced. The system 10 includes a health management device (HMD) 12 

that is coupled to or integrated with a machine 14. The machine 14 may 

comprise any type of machine that includes multiple interrelated components 16

1 - 16-N (generally, components 16). Non-limiting examples of the machine 14 

include aircraft such as airplanes and helicopters and the like, ground vehicles 

20 such as cars, trucks, tanks, and the like, power turbines, windmills, or any other 

machine that includes a plurality of components that have characteristics which 

may sensed and quantified.  

[0031] The machine 14 includes a plurality of integrated or communicatively 

coupled sensors 18-1 - 18-M (generally sensors 18), each of which senses and 

25 identifies a characteristic of a respective component 16 and outputs sensor 

information that quantifies the characteristic. The sensors 18 may comprise any 

type of sensor that is capable of detecting, or otherwise sensing, a characteristic 

of a component 16, and quantifying the characteristic. Non-limiting examples of 

sensor information includes a status of a battery, a fluid level of fluid used in the 

30 operation of the machine 14, an engine oil characteristic, such as temperature, 

pressure or purity, an engine RPM, a coolant characteristic, a transmission
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characteristic, a fuel pump characteristic, ambient characteristics (such as 

temperature, pressure, and/or humidity), and an alternator characteristic.  

[0032] The sensors 18 provide sensor information to the HMD 12. The HMD 

12 may comprise, for example, a printed circuit board that includes components 

5 suitable for carrying out the functionality described herein. In other 

embodiments, the HDM 12 may comprise a device that is communicatively 

coupled to the machine 14, such as a laptop or tablet computer, or a 

smartphone.  

[0033] The HMD 12 may include a control system 20 that comprises a 

10 processor 22, and implements functionality described herein, such as 

coordination of other components of the HMD 12, and communication with an off

board device (not illustrated). In some embodiments, some of the functionality 

provided herein may be implemented via software instructions that configure the 

processor 22 to perform the functions discussed herein. Accordingly, 

15 functionality discussed in conjunction with other elements depicted in the Figures 

may in fact be implemented via the control system 20. Moreover, at a more 

general level, functionality of any of the elements discussed herein with respect 

to the HMD 12 may be attributed to the HMD 12 generally, rather than a 

particular component thereof.  

20 [0034] A memory 24 may store information, including executable instructions, 

that in part provides some of the functionality described herein. A HM module 26 

comprises a HM engine 28 and a HM analytic model 30. The HM module 26 

generates HM analysis results regarding the machine 14 based on sensor 

information generated by the sensors 18 and the HM analytic model 30. The HM 

25 analysis results may be presented to a user on a display 32 in any one or more 

of many different forms, including textual information, imagery, graphs, one or 

more LED lights, or the like. The display 32 may also be embodied in any one or 

more form factors, including, by way of non-limiting example, a plurality of LED 

lights, an LCD screen mounted on or integrated with the machine 14, an LCD 

30 screen of a mobile device in proximity of the machine 14, or the like.
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[0035] The HM analytic model 30 comprises any suitable type of learning 

network, such as a Bayesian network, neural network, or the like, that is capable 

of correlating sensor information with conditions of the components 16 of the 

machine 14, and that can be trained over time to increase the accuracy of the 

5 output of the HM analytic model 30.  

[0036] As will be described in greater detail herein, in one embodiment, the 

HM module 26 comprises a diagnostic module, such as a condition-based 

maintenance (CBM) module, capable of providing diagnostic analysis results that 

identify a current condition of one or more components 16 of the machine 14.  

10 The diagnostic analysis may also identify a probability that a current fault is 

caused by a particular component. In some embodiments, the diagnostic 

analysis results may identify multiple components 16 along with corresponding 

probabilities that a current fault is caused by a failure associated with the multiple 

components 16. In another embodiment, the HM module 26 comprises a 

15 prognostic module, such as a prognostics and health management (PHM) 

module, capable of providing prognostic analysis results that predict a future 

condition of one or more of the components 16 of the machine 14, and may also 

include a probability of the likelihood of the future condition at one or more times 

in the future.  

20 [0037] A communications interface 34 is configured to facilitate the exchange 

of data with an off-board device (not illustrated). The communications interface 

34 may comprise, for example, a communications interface that allows the real

time exchange of data with the off-board device, such as a Wi-Fi* interface, 

Ethernet interface, or the like, or may comprise a communications interface that 

25 facilitates non real-time exchange of information, such as a USB interface, or the 

like.  

[0038] A sensor fusion / data characterization module 36 processes raw 

sensor information received from the sensors 18, and, based on the raw sensor 

information, may preprocess the raw sensor information for further processing by 

30 the HM module 26.
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[0039] A recorder module 38 may receive sensor information from the 

sensors 18 over a period of time and store the sensor information in a storage 

40. The stored sensor information may subsequently be provided to the off

board device for further processing and generation of an updated analytic model, 

5 as described in greater detail herein.  

[0040] A sensor interface 42 may interface with the sensors 18 to receive the 

sensor information, and provide the sensor information to respective components 

of the HMD 12, such as the HM module 26, the sensor fusion / data 

characterization module 36, and the recorder module 38.  

10 [0041] Figure 2 is a flowchart of a method for generating an analysis result 

about the machine 14 according to one embodiment. Figure 2 will be discussed 

in conjunction with Figure 1. Initially, the HMD 12 generates a first HM analysis 

result regarding the machine 14 based on real-time first sensor information 

received from one or more of the sensors 18 during a first period of time and 

15 based on a first version of the HM analytic model 30 (Figure 2, block 100). As 

discussed above, the first HM analysis result may comprise a diagnostic analysis 

result or may comprise a prognostic analysis result. After the first period of time, 

the HMD 12 provides to the off-board device (not illustrated) a plurality of sensor 

information, including the real-time first sensor information used by the HMD 12 

20 to generate the first HM analysis result (Figure 2, block 102). In some 

embodiments, the HMD 12 may also provide to the off-board device fault 

information that identifies actual faults associated with the machine 14. In other 

embodiments the fault information may be collected independently and provided 

to the off-board device via, for example, a separate data file or entered by an 

25 operator.  

[0042] The HMD 12 receives from the off-board device a second version HM 

analytic model 30 that is based, at least in part, on the plurality of sensor 

information and on the fault information that identifies actual faults associated 

with the machine 14 (Figure 2, block 104). The HMD 12 then receives real-time 

30 second sensor information that is generated during a second period of time that 

is subsequent to the first period of time. The HMD 12 generates a second HM
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analysis result about the machine based on the real-time second sensor 

information and the second version HM analytic model 30 (Figure 2, block 106).  

[0043] The first period of time may comprise any suitable period of time, such 

as an hour, a day, a week, or the like. The real-time first sensor information is a 

5 portion of the plurality of sensor information received during the first period of 

time. For example, the plurality of sensor information received during the first 

period of time may comprise sensor information received from each of the 

sensors 18-1 - 18-M for the entire first period, such as for a 24 hour period.  

Each sensor 18 may emit sensor information continually, periodically, 

10 intermittently, or on any other basis. The real-time first sensor information may 

comprise, for example, sensor information received from the sensor 18-2 over a 

500 millisecond time interval. Such sensor information may, for example, 

indicate a temperature of a fluid associated with the component 16-1, and based 

on this sensor information and the HM analytic model 30, the HM analytic module 

15 26 may generate a diagnostic analysis result that indicates a current problem 

with the component 16-1.  

[0044] The phrase "first version" and "second version" in conjunction with the 

HM analytic model 30 is to distinguish an earlier version from a later version, and 

does not refer to any specific version of the HM analytic model 30. Generally, 

20 the HMD 12 provides sensor information that is collected over a period of time, 

such as the first period of time, and provides it to the off-board device, which, as 

will be described in greater detail herein, generates an updated version of the 

HM analytic model 30 based on the recently provided sensor information. This 

may occur many times over the life of the machine 14. Each version of the HM 

25 analytic model 30 may facilitate increasingly accurate HM analysis results, due to 

the increased knowledge of the particular machine 14 that is embodied in the 

most recent version of the HM analytic model 30.  

[0045] It should also be noted that during the first period of time, the HMD 12 

may relatively continually generate HM analysis results regarding one or more 

30 conditions of the components 16 based on the first version of the HM analytic 

model 30. For example, the HMD 12 may continually monitor the sensor
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information generated during the first period of time, continually analyze the 

sensor information based on the HM analytic model 30, and, when appropriate 

based on the HM analytic model 30, generate HM analysis results.  

[0046] Figure 3 is a block diagram of the system 10 according to another 

5 embodiment. In this embodiment, the HMD 12 includes a diagnostic module 
2 6 DIAG, such as a CBM module, that is capable of providing diagnostic analysis 

results that identify a current condition of one or more components 16 of the 

machine 14. The HMD 12 also includes a prognostic module 2 6 PROG, such as a 

PHM module, that is capable of providing prognostic analysis results that predict 

10 a future condition of one or more of the components 16 of the machine 14, and 

may also include a probability of the likelihood of the future condition at one or 

more times in the future.  

[0047] The diagnostic module 2 6 DIAG includes a diagnostic engine 2 8 DIAG and 

a diagnostic analytic model 3 0 DIAG. The prognostic module 2 6 PROG includes a 

15 prognostic engine 2 8 PROG and a prognostic analytic model 3 0 PROG

[0048] Figure 4 is a block diagram illustrating an example flow of information 

in the HMD 12 illustrated in Figure 3 according to one embodiment. The sensors 

18, over the first period of time, such as over a day, several days, or a week, 

provide sensor information 44 to the sensor interface 42. The sensor interface 

20 42 provides the sensor information 44 to the diagnostic module 2 6 DIAG for 

processing by the diagnostic module 2 6 DIAG. The sensor interface 42 also 

provides the sensor information 44 to the prognostic module 2 6 PROG for 

processing by the prognostic module 2 6 PROG. The sensor interface 42 provides 

the sensor information 44 to the sensor fusion / data characterization module 36 

25 for preprocessing of the sensor information 44. The sensor interface 42 also 

provides the sensor information 44 to the recorder module 38 for storing in the 

storage 40.  

[0049] The sensor fusion / data characterization module 36 pre-processes the 

sensor information 44 and may, based on the sensor information 44, generate 

30 one or more condition indicators 46 for further processing by the diagnostic
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module 2 6 DIAG and/or the prognostic module 2 6 PROG. Pre-processing may 

include, for example: 

(a) noise reduction: the eliminating of noise from the sensor 

information 44 using, for example, statistical signal processing algorithms, and/or 

5 band pass filters; 

(b) data validation: doing basic validation checks on the sensor 

information 44 to ensure the values are possible values, handling missing data, 

handling abnormal values; 

(c) data normalization: scaling data ranges between, for example 

10 [0...1]; and 

(d) data correlation.  

[0050] Generally, denoising techniques are used to reduce the noise content 

in the sensor information 44. Analog and digital filters may be designed that help 

attenuate the effect of high frequency noise in the sensor information 44. Basic 

15 checks (e.g., check on magnitude of values) and data validation methods may be 

used to ensure the sensor information 44 collected is not grossly faulty. This 

may also include checking whether the sensor information 44 and the rate at 

which the sensor information 44 is changing are within predefined operational 

limits. Also, for sensors 18 that sample data at different frequencies, the resulting 

20 sensor information 44 might be correlated by up-sampling or down-sampling the 

sensor information 44 appropriately.  

[0051] Pre-processing may also include feature extraction, wherein sensor 

information 44 is processed to extract features, such as time domain features, or 

condition indicators that reflect the health of the machine 14. Condition 

25 indicators or features embody key information that is obtained by processing the 

raw sensor information 44. Tracking relevant condition indicators over time may 

provide a good indication of fault progression in the machine 14. This may help 

prepare for an impending fault. Examples of time domain features or condition 

indicators are listed below: 

30 (a) Mean: average value of a time varying signal;
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(b) Standard Deviation: measures how much the data points are 

dispersed from the 'average.' Standard Deviation a (sigma) is the square root of 

the average value of (X - p)2 

(c) Root Mean Square: the Root Mean Square value (RMS) for a 

5 vibration signal reflects the energy content of the signal. The RMS may be 

expressed as: 

Where, 

srms is the root mean square value of dataset s, 

10 si is the i-th member of dataset s, and 

N is the number of points in dataset s; 

(d) Delta RMS: this parameter is the difference between two 

consequent RMS values. This parameter focuses on the trend of the vibration 

and is sensitive to vibration signal changes; 

15 (e) Peak Value: this is the maximum value of the signal in a selected 

time frame; 

(f) Crest Factor: this parameter indicates the damage in an early 

stage. It is defined as the peak value of the signal divided by the RMS value of 

the signal; and 

20 (g) Kurtosis: kurtosis describes how peaked or flat the distribution is.  

It is given by: 

Where 

Kurt is kurtosis, 

25 N is the number of points in the time history of signal s, 

si is the i-th point in the time history of signal s.
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[0052] Thus, kurtosis is the fourth centralized moment of the signal, 

normalized by the square of the variance.  

[0053] In addition to the time domain features described above, features can 

be extracted from the frequency domain, order domain, or joint time-frequency 

5 domain.  

[0054] In one embodiment, the diagnostic module 2 6 DIAG executes, or 

otherwise processes, as an independent service. In particular, the diagnostic 

engine 2 8 DIAG, which may comprise, for example, one or more software modules, 

may be initiated as a service that executes continually. The diagnostic engine 

10 2 8 DIAG, as appropriate and based on sensor information 44, either directly or via 

the condition indicators 46, may access the diagnostic analytic model 3 0 DIAG and 

generate a diagnostic analysis result. In some embodiments, a first version of 

the diagnostic analytic model 3 0 DIAG may be replaced with a second version of 

the diagnostic analytic model 3 0 DIAG without the need to terminate the diagnostic 

15 engine 2 8 DIAG. Thus, the embodiments facilitate increasingly accurate diagnostic 

analysis results for the machine 14 without the need to update the diagnostic 

engine 2 8 DIAG.  

[0055] Similarly, in one embodiment, the prognostic module 2 6 PROG executes, 

or otherwise processes, as an independent service. In particular, the prognostic 

20 engine 2 8 PROG, which may comprise, for example, one or more software 

modules, may be initiated as a service that executes continually. The prognostic 

engine 2 8 PROG, as appropriate and based on sensor information 44, either 

directly or via the condition indicators 46, may access the prognostic analytic 

model 3 0PROG and generate a prognostic analysis result. In some embodiments, 

25 a first version of the prognostic analytic model 3 0PROG may be replaced with a 

second version of the prognostic analytic model 3 0PROG without the need to 

terminate the prognostic engine 2 8 PROG. Thus, the embodiments facilitate 

increasingly accurate prognostic analysis results for the machine 14 without the 

need to update the prognostic engine 2 8 PROG.  

30 [0056] An initial version of the diagnostic analytic model 3 0 DIAG may be based 

on failure data such as actual fault information associated with machines similar
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to the machine 14, expert knowledge, and/or operating manuals of components 

16. The diagnostic analytic model 3 0 DIAG may comprise, for example, a learning 

network such as a Bayesian network. Over multiple periods of time, and multiple 

updated versions of the diagnostic analytic model 3 0 DIAG, each of which is based 

5 on sensor information 44 generated during such periods of time, the diagnostic 

analytic model 3 0 DIAG becomes increasingly knowledgeable about the specific 

machine 14, and can provide increasingly accurate diagnostic analysis results.  

[0057] In some embodiments the diagnostic analytic model 3 0 DIAG may 

comprise a decision tree that comprises rules that are created based on historical 

10 failure data associated with the machine 14 or machines similar to the machine 

14, expert knowledge, and/or operating manuals of components 16. When the 

sensor information 44 indicates an alert, the diagnostic module 2 6 DIAG may 

process the decision tree, and based on the decision tree generate a diagnostic 

analytic result that identifies a condition of the machine 14.  

15 [0058] An initial version of the prognostic analytic model 3 0PROG may include a 

model that facilitates the recognition of complex patterns and intelligent decisions 

based on the sensor information 44 and/or condition indicators 46. In some 

embodiments, the prognostic analytic model 3 0PROG may comprise one or more 

of a decision tree, a neural network, the utilization of genetic programming, the 

20 utilization of a support vector machine, a Bayesian network, the utilization of 

reinforcement learning, a regression model, or a Gaussian Mixture Model 

(GMM).  

[0059] Figure 5 is a block diagram of an off-board device 48 according to one 

embodiment. The off-board device 48 may include a control system 50 that 

25 comprises a processor 52, and implements functionality described herein. In 

some embodiments, some of the functionality provided herein may be 

implemented via software instructions that configure the processor 52 to perform 

the functionality described herein. Accordingly, functionality discussed in 

conjunction with other elements depicted in the Figures may in fact be 

30 implemented via the control system 50. Moreover, at a more general level, 

functionality of any of the elements discussed herein with respect to the off-board
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device 48 may be attributed to the off-board device 48 generally, rather than a 

particular component thereof.  

[0060] A memory 54 may store information, including executable instructions, 

that in part provides some of the functionality described herein. A prognostic 

5 analytic model generation module (PAMGM) 56 generates the second version 58 

of the prognostic analytic model 3 0PROG based on sensor information received 

from the HMD 12. Generally, the PAMGM 56 trains the previous version of the 

prognostic analytic model 3 0PROG, which has been retained by the PAMGM 56, 

based on at least the sensor information provided by the HMD 12, to generate 

10 the second version 58 of the prognostic analytic model 3 0PROG. The particular 

training mechanism used may differ depending on the type of prognostic analytic 

model 3 0PROG. The off-board device 48 may, via a user interface 60 displayed on 

a display 62 for example, allow an operator to input additional information for use 

by the PAMGM 56 in generating the second version 58 of the prognostic analytic 

15 model 3 0PROG. For example, in one embodiment, fault information that identifies 

actual faults of the machine 14 may be input via the user interface 60. The off

board device 48 may correlate the fault information to the plurality of sensor 

information received from the HMD 12. Thus, the second version 58 of the 

prognostic analytic model 3 0PROG may be based, at least in part, on such fault 

20 information as well as the sensor information.  

[0061] A diagnostic analytic model generation module (DAMGM) 64 

generates the second version 66 of the diagnostic analytic model 3 0 DIAG based 

on the sensor information received from the HMD 12. Generally, the DAMGM 64 

trains the previous version of the diagnostic analytic model 3 0 DIAG, which has 

25 been retained by the DAMGM 64, based on at least the sensor information 

provided by the HMD 12, to generate the second version 66 of the diagnostic 

analytic model 3 0 DIAG. Again, the particular training mechanism used may differ 

depending on the type of diagnostic analytic model 3 0 DIAG. The off-board device 

48 may allow the operator to input additional information for use by the DAMGM 

30 64 in generating the second version 66 of the diagnostic analytic model 3 0 DIAG.  

For example, the fault information that identifies actual faults of the machine 14
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may be input via the user interface 60. Thus, the second version 66 of the 

diagnostic analytic model 3 0 DIAG may be based, at least in part, on such fault 

information as well as the sensor information received from the HMD 12.  

[0062] The off-board device 48 may include a communications interface 67 

5 configured to communicate with the HMD 12.  

[0063] In some embodiments, the off-board device 48 may store, or otherwise 

retain, historical sensor information for the machine 14, and allow the operator to 

identify a particular amount of historical sensor information to use, such as the 

most recent two weeks, or four weeks, of the most recent sensor information to 

10 generate the second version analytic models 58, 66.  

[0064] Figure 6 is a flowchart of a method for generating a second version HM 

analytic model according to one embodiment and will be discussed in conjunction 

with Figure 5. The process described herein may apply similarly to the 

generation of the second version 58 of the prognostic analytic model 3 0PROG or 

15 the generation of the second version 66 of the diagnostic analytic model 3 0 DIAG

The off-board device 48 receives a plurality of sensor information 68 that is 

generated over the first period of time (Figure 6, block 200). The plurality of 

sensor information 68 identifies characteristics associated with the plurality of 

components 16 of the machine 14. As discussed above, the first period of time 

20 may comprise any suitable interval of time, such as, for example, a day, a week, 

a month, or the like. The off-board device 48 also receives the fault information 

that identifies actual faults that have occurred on the machine 14.  

[0065] The off-board device 48 updates, based on the plurality of sensor 

information 68 and the fault information, a first version of the HM analytic model 

25 30 that correlates sensor information with conditions of the machine 14, to 

generate a second version of the HM analytic model 30 (Figure 6, block 202). As 

discussed above, the updating process typically involves a training process 

suitable for the type of learning network of the particular HM analytic model 30.  

The off-board device 48 provides the second version of the HM analytic model 30 

30 to the HMD 12 for use during a future, second period of time (Figure 6, block 

204). The off-board device 48 may also correlate the fault information that
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identifies actual faults that have occurred on the machine14 to the plurality of 

sensor information 68.  

[0066] Figure 7 is a block diagram illustrating the updating of an analytic 

model from one version to a subsequent version according to one embodiment.  

5 For purposes of illustration, certain components previously illustrated in 

conjunction with the HMD 12 have been omitted from Figure 7. Prior to 

discussing the updating of an analytic model from one version to another, a brief 

discussion of the interaction between an analytic engine, such as the diagnostic 

engine 2 8 DIAG and an analytic model, such as the diagnostic analytic model 

10 3 0 DIAG, during operation will be provided.  

[0067] As discussed previously, in some embodiments the diagnostic engine 
2 8 DIAG executes, or otherwise processes, as an independent service. Thus, for 

example, when the HMD 12 initially powers up, the HMD 12 may initialize the 

diagnostic engine 2 8 DIAG. During operation, the diagnostic engine 2 8 DIAG 

15 determines, periodically, or in response to sensor information 44, that the 

diagnostic analytic model 3 0 DIAG should be initiated. In one embodiment, the 

diagnostic analytic model 3 0 DIAG comprises one or more executable files that may 

by initiated by the diagnostic engine 2 8 DIAG. After the diagnostic analytic model 
3 0 DIAG completes, the diagnostic analytic model 3 0 DIAG may communicate the 

20 result of the analysis to the diagnostic engine 2 8 DIAG, and then terminate. The 

diagnostic engine 2 8 DIAG may then generate the diagnostic analysis result based 

on the communication. This process may be performed repeatedly, multiple 

times, during the first period of time. During the first period of time, the 

diagnostic engine 2 8 DIAG may remain executing indefinitely, while the diagnostic 

25 analytic model 3 0 DIAG initializes and terminates after each analysis is completed.  

[0068] Similarly, the prognostic engine 2 8 PROG determines, periodically, or in 

response to sensor information 44, that the prognostic analytic model 3 0PROG 

should be initiated. Again, after each analysis is completed, the prognostic 

analytic model 3 0PROG may terminate.  

30 [0069] A method for updating versions of an analytic model according to one 

embodiment will now be discussed. Upon receipt of the second version 66 of the
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diagnostic analytic model 3 0 DIAG from the off-board device 48, during which time 

the diagnostic engine 2 8 DIAG may have continually used the first version of the 

diagnostic analytic model 3 0 DIAG, the control system 20 may, in one embodiment, 

replace the first version of the diagnostic analytic model 3 0 DIAG with the second 

5 version 66 of the diagnostic analytic model 3 0 DIAG. The next time the diagnostic 

engine 2 8 DIAG determines that a diagnostic analysis is to be performed, the 

diagnostic engine 2 8 DIAG initializes the diagnostic analytic model 3 0 DIAG, which 

will now be the second version 66 of the diagnostic analytic model 3 0 DIAG. This 

mechanism allows the diagnostic engine 2 8 DIAG to provide, over time, 

10 increasingly accurate diagnostic analysis results based on continually updated 

versions of the diagnostic analytic model 3 0 DIAG, without the need to take the 

HMD 12 out of operation.  

[0070] Similarly, upon receipt of the second version 58 of the prognostic 

analytic model 3 0PROG from the off-board device 48, the control system 20 may 

15 replace the first version of the prognostic analytic model 3 0PROG with the second 

version 58 of the prognostic analytic model 3 0PROG. The next time the prognostic 

engine 2 8 PROG determines that a prognostic analysis is to be performed, the 

prognostic engine 2 8 PROG initializes the prognostic analytic model 3 0PROG, which 

will now be the second version 58 of the prognostic analytic model 3 0PROG. This 

20 mechanism allows the prognostic engine 2 8 PROG to provide, over time, 

increasingly accurate prognostic analysis results based on continually updated 

versions of the prognostic analytic model 3 0PROG, without the need to take the 

HMD 12 out of operation.  

[0071] In some embodiments, the prognostic analytic model 3 0PROG 

25 comprises a GMM, which may be used by the prognostic module 2 6 PROG to 

predict a future fault given current real-time sensor information 44.  

[0072] Figure 8 is a graph illustrating an example GMM that represents the 

probability distribution of engine oil pressure and engine speed per a vehicle's 

life. Assume that the machine 14 is a vehicle, and the GMM illustrated in 

30 Figure 8 is generated by the off-board device 48 over multiple periods of time 

during which the off-board device 48 received sensor information 44 that
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included information such as engine oil pressure and engine speed. The GMM 

may then be provided to the HMD 12, for use in generating a prognostic analysis 

result.  

[0073] The prognostic engine 2 8 PROG, based on real-time sensor information 

5 44 and the GMM, may determine that the engine oil pressure versus engine 

speed is beginning to deviate from that represented in the GMM. Based on the 

observed deviation, the prognostic engine 2 8 PROG may issue a diagnostic 

analysis report estimating a probability of a fault at a future time.  

[0074] Those skilled in the art will recognize improvements and modifications 

10 to the preferred embodiments of the present disclosure. All such improvements 

and modifications are considered within the scope of the concepts disclosed 

herein and the claims that follow.
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Claims 

1. A method for generating an analysis result about a machine, comprising: 

generating, by a device, a first health management (HM) analysis result 

regarding the machine based on real-time first sensor information received during a 

first period of time and on a first version HM analytic model that correlates the real

time first sensor information with a condition of a component of the machine; 

providing, to an off-board device, a plurality of sensor information comprising 

the real-time first sensor information and that is generated during the first period of 

time; 

receiving, by the device, a second version HM analytic model that is based at 

least in part on the plurality of sensor information and on fault information that 

identifies actual faults of the machine; 

replacing the first version HM analytic model with the second version HM 

analytic model; and 

generating a second HM analysis result regarding the machine based on real

time second sensor information received during a second period of time and on the 

second version HM analytic model, the second version HM analytic model 

correlating the real-time second sensor information with a condition of a component 

of the machine.  

2. The method of claim 1, wherein the first HM analysis result comprises a first 

diagnostic analysis result, the first version HM analytic model comprises a first 

version diagnostic analytic model, the second version HM analytic model comprises 

a second version diagnostic analytic model, and the second HM analysis result 

comprises a second diagnostic analysis result, further comprising: 

generating a first prognostic analysis result regarding the machine based on 

the real-time first sensor information during the first period of time and on a first 

version prognostic analytic model; 

receiving a second version prognostic analytic model that is based at least in 

part on the plurality of sensor information and on the fault information that identifies 

the actual faults of the machine; and 
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22 

generating a second prognostic analysis result regarding the machine based 

on the real-time second sensor information during the second period of time and on 

the second version prognostic analytic model.  

3. The method of claim 2, further comprising: 

replacing the first version diagnostic analytic model with the second version 

diagnostic analytic model on the device prior to generating the second diagnostic 

analysis result.  

4. The method of claim 3, wherein the first diagnostic analysis result is 

generated by a diagnostic engine that executes on the device, and the first 

prognostic analysis result is generated by a prognostic engine that executes on the 

device, and wherein replacing the first version diagnostic analytic model with the 

second version diagnostic analytic model on the device further comprises replacing 

the first version diagnostic analytic model with the second version diagnostic analytic 

model on the device without interruption to the prognostic engine.  

5. The method of claim 4, further comprising replacing the first version 

prognostic analytic model with the second version prognostic analytic model on the 

device prior to generating the second prognostic analysis result without interruption 

to the diagnostic engine.  

6. The method of claim 4, wherein replacing the first version diagnostic analytic 

model with the second version diagnostic analytic model comprises replacing the 

first version diagnostic analytic model with the second version diagnostic analytic 

model without interruption to the diagnostic engine.  

7. The method of claim 1, wherein the plurality of sensor information identifies 

characteristics of components of the machine during the first period of time.  

8. The method of claim 1, wherein the real-time first sensor information identifies 

at least one of a status of a battery, a fluid level, an engine oil characteristic, an 

engine RPM, a coolant characteristic, a transmission characteristic, an ambient 

characteristic, a fuel pump characteristic, and an alternator characteristic.  

(115087911)



23 

9. The method of claim 1, wherein the first HM analysis result comprises data 

predicting a future fault of the component of the machine, and a probability of the 

future fault.  

10. The method of claim 9, wherein the second version HM analytic model 

comprises a Gaussian mixture model.  

11. The method of claim 1, wherein the first HM analysis result comprises data 

identifying a current fault of the machine and a probability that the current fault is 

associated with a particular component.  

12. A device for generating an analysis result about a machine, comprising: 

a communications interface configured to communicate with an off-board 

device; 

a control system comprising a processor coupled to the communications 

interface and configured to: 

generate a first health management (HM) analysis result regarding the 

machine based on real-time first sensor information received during a first period of 

time and on a first version HM analytic model that correlates the real-time first sensor 

information with a condition of a component of the machine; 

provide, to the off-board device, a plurality of sensor information comprising 

the real-time first sensor information and being generated during the first period of 

time; 

receive a second version HM analytic model that is based at least in part on 

the plurality of sensor information; 

replace the first version HM analytic model with the second version HM 

analytic model; and 

generate a second HM analysis result regarding the machine based on real

time second sensor information received during a second period of time and on the 

second version HM analytic model, the second version HM analytic model 

correlating the real-time second sensor information with a condition of a component 

of the machine.  
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13. The device of claim 12, wherein the first HM analysis result comprises a first 

diagnostic analysis result, the first version HM analytic model comprises a first 

version diagnostic analytic model, the second version HM analytic model comprises 

a second version diagnostic analytic model, and the second HM analysis result 

comprises a second diagnostic analysis result, and wherein the processor is further 

configured to: 

generate a first prognostic analysis result regarding the machine based on the 

real-time first sensor information during the first period of time and on a first version 

prognostic analytic model; 

receive a second version prognostic analytic model that is based at least in 

part on the plurality of sensor information; and 

generate a second prognostic analysis result regarding the machine based on 

the real-time second sensor information during the second period of time and on the 

second version prognostic analytic model.  

14. The device of claim 13, wherein the processor is further configured to: 

replace the first version diagnostic analytic model with the second version 

diagnostic analytic model on the device prior to generating the second diagnostic 

analysis result.  

15. The device of claim 14, wherein the control system further comprises: 

a diagnostic engine that is configured to generate the first diagnostic analysis 

result and the second diagnostic analysis result based on the first version diagnostic 

analytic model and the second version diagnostic analytic model respectively; 

a prognostic engine that is configured to generate the first prognostic analysis 

result and the second prognostic analysis result based on the first version prognostic 

analytic model and the second version prognostic analytic model respectively; and 

wherein the control system is configured to: 

replace the first version diagnostic analytic model with the second version 

diagnostic analytic model without interruption to the prognostic engine.  

16. The device of claim 15, wherein the control system is further configured to 

replace the first version prognostic analytic model with the second version prognostic 

analytic model without interruption to the diagnostic engine.  

(115087911)
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17. The device of claim 15, wherein the control system is further configured to 

replace the first version diagnostic analytic model with the second version diagnostic 

analytic model without interruption to the diagnostic engine.  

18. The device of claim 12, wherein the real-time first sensor information identifies 

at least one of a status of a battery, a fluid level, an engine oil characteristic, an 

engine RPM, a coolant characteristic, a transmission characteristic, a fuel pump 

characteristic, and an alternator characteristic.  

19. A device comprising: 

a communications interface configured to communicate with a health 

management (HM) device associated with a machine; and 

a control system comprising a processor and coupled to the communications 

interface and configured to: 

provide a first version HM analytic model to the HM device for use during a 

first period of time; 

receive, from the HM device, a plurality of sensor information that identifies 

real-time characteristics associated with a plurality of components of the machine 

over first period of time; 

update, based on the plurality of sensor information and fault information that 

identifies actual faults that have occurred on the machine, the first version HM 

analytic model that correlates sensor information with conditions of the machine, to 

generate a second version HM analytic model; and 

provide the second version HM analytic model to the HM device for use 

during a second period of time.  

20. The device of claim 19, wherein the control system is further configured to: 

receive the fault information from the HM device.  

21. A method comprising: 

providing a first version health management (HM) analytic model to a HM 

device for use during a first period of time; 
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receiving, from the HM device, a plurality of sensor information that identifies 

real-time characteristics associated with a plurality of components of a machine over 

the first period of time; 

updating, based on the plurality of sensor information and fault information 

that identifies actual faults that have occurred on the machine, the first version HM 

analytic model that correlates sensor information with conditions of the machine, to 

generate a second version HM analytic model; and 

providing the second version HM analytic model to the HM device for use 

during a second period of time.  

22. The method of claim 1 wherein the first version HM analytic model comprises 

a first version prognostic analytic model and the first HM analysis result comprises a 

first prognostic analysis result that identifies a predicted future fault of a first 

component of the machine, and wherein the second version HM analytic model 

comprises a second version prognostic analytic model and the second HM analysis 

result comprises a second prognostic analysis result that identifies a predicted future 

fault of a second component of the machine.  

(115087911)
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